Abstract-Night sleep duration, lights on and night light exposure can elevate blood pressure in adolescents which lead to prehypertension. Therefore this study aimed to analyse night sleep duration, lights on and night light exposure with prehypertension in adolescents. This cross sectional study recruited 160 students from 6 senior high schools in Surakarta city. Data of night sleep duration, light on and night light exposure were obtained from self-reported questionnaire while blood pressure was measured in the morning visit. Data were analysed using chi-square and logistic regression tests with p value <0.05. Prevalence of prehypertension in senior high school students was 26.3%. Selected students had average of night sleep duration 6.82 ± 1.08 hours and 47.5% students slept with lights on and the average of night light exposure among them was 98. 
I. INTRODUCTION
In the last 10 years, prevalence of global hypertension in all age groups has increased by 5.2% including children and adolescents in developing countries [1] - [3] . Meanwhile, other studies have documented that prevalence of children prehypertension (6-17 years old) in China increases from 6.38% to 8.13% [4] and in India is 3.19% [5] . According to NkehChungag study performed in South Africa, the prevalence of prehypertension and hypertension in 13-17 years old is 12.3% and 21.2% respectively [6] . In the United States, 9.6% children and adolescent have prehypertension [7] . Based on a study performed in adolescents of senior high schools in Pangkal Pinang, Bangka Belitung, 14.17% boys and 8.33% girls have hypertension [8] . Adolescents with prehypertension have 2-3 times higher risk of hypertension in later life compared with adolescents with normal blood pressure [9] , [10] . Moreover around 7% adolescents with prehypertension will annually develop into hypertension [11] .
Night sleep duration and night light exposure can affect blood pressure through stimulation of the sympathetic nervous system which leads to hypertension risk in long term period [12] . A study has reported that short night sleep indirectly increases the risk adolescents hypertension through obesity [13] . Two hundred and forty six adolescents with sufficient sleep are more likely to have 0.66 times elevated blood pressure [14] . Furthermore night sleep less than 6.5 increases 2.8 times prehypertension risk [15] and less than 5 hours increases 2.1 times hypertension risk [16] .
Beside night sleep duration, lights on during sleep and its exposure indirectly rise blood pressure through disruption of the circadian system and reduction of melatonin secretion. Night shift workers, for instance, were exposed by more intense light at night, had lower level of melatonin compared to the day shift workers (10.9 ng/mg, 95% CI 3.0-13.6 vs 15.4 ng/mg, 95% CI 12.3-19.3) [17] . Gooley et al (2011) have found that up to 50% reduction of melatonin secretion occurs after less than 200 lux night light exposure for 8 hours [18] . Siegelova's study has emphasized this result that 1-10 unit lux of night light exposure can rises 11 mmHg systolic and 3 mmHg diastolic blood pressure [19] . Additionally low melatonin levels are positively associated with nitric oxide (NO) production [20] which stimulates the sympathetic nervous system and result in risen blood pressure. Therefore this study aimed to analyse the association of night sleep duration, light on and light exposure with prehypertension in adolescents.
II. METHODS There were 160 students who participated in this cross sectional study and were selected using stratified random sampling. They aged 15-17 years old and came from 6 senior high schools in Surakarta city. This research protocol was approved by the Ethics Committee of the Faculty of Medicine, Universitas Sebelas Maret/dr Moewardi Hospital, Surakarta with number 352/IV/HREC/2017.
Age, sex and family history of hypertension were determined using self-reported questionnaire. Height was measured using microtoise (SH-2A, GEA Medical) and weight used digital scale (SRF-9332, Serenity). Body Mass Index (BMI) for age was calculated using an anthropometric calculator software (WHO Antro Plus, 2007) then classified into normal, overweight and obese.
Data of night sleep duration, light on, and light exposure were obtained from self-reported questionnaire. Sleep duration was determined using the National Sleep Association [21] and classified into sufficient (≥ 7 hours/night) and insufficient (<7 hours/night) sleep. Light condition was classified as light on and off. Light exposure was determined using a formula {sleep room lamp power (watt) x luminous efficacy (lm/watt)}/ sleep room area (m2) [22] and then classified into low and high exposure based on the average of lights on during sleep.
Blood pressure was measured in the morning using a digital sphygmomanometer (HEM-8712, OMRON Co., Kyoto, Japan) and classified into prehypertension if systolic and/or diastolic blood pressure were 90 th -95 th for age, sex, and height, based on The National High Blood Pressure Education Program (NHBPEP) [23] , [24] .
Collected data were analysed using chi-square tests with p value of <0.05 considered as a statistically significance. Multivariate analysis was conducted using logistic regression test. Numeric data were presented as mean±SD and categoric data were in frequency and percentage. Table I showed the general characteristics of selected students of senior high schools in Surakarta city. Eighty percent of the students were female and the mean age was 15.89 years old. Overweight and obese status was found in 5.0% and 14.4% students, respectively. The average of systolic and diastolic blood pressure was 107.69 ± 10.30 mmHg and 71.94 ± 6.61 mmHg, respectively. The prevalence of prehypertension among selected students was 26.3% and most of them were female. A total of 31.0% prehypertension students was overweight and obese. Forty two point nine percent prehypertension students had family history of hypertension.
III. RESULTS
Association between night sleep duration, lights on and light exposure and prehypertension was indicated in Table II . The average of night sleep duration was 6.82±1.08 hours and more than 50% students had sufficient sleep. Compared with insufficient night sleep, normal and prehypertension students had higher sufficient night sleep. Students with insufficient sleep had 1.048 times (95% CI 0.517-2.128) higher risk of prehypertension compared with students with sufficient sleep although it was not statistically significant (p=0.896). . There were 47.5% students who slept with lights on and 26.3% among them had prehypertension. Light on during night sleep was not associated with prehypertension (OR=1.006, 95% CI 0.497-2.037, p=0.986). The average of night light exposure during light on was 98.93 ± 111.96 lux. High light exposure was found in 28.6% students with prehypertension and was associated with prehypertension (OR=1.153, 95% CI 0.465-2.859), although it was not significant (p=0.759). Table III showed the result of multivariate analysis of all research variables adjusted with sex, BMI for age, and family history of hypertension. These variables influenced 9.5% prevalence of prehypertension in students. The strongest association with prehypertension was observed in BMI for age (OR = 2.712, 95% CI 1.140-6.447, p = 0.024) and followed by sex and family history of hypertension. Among research variables, night light exposure was the strongest association
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with prehypertension (OR = 1.640, 95% CI 0.541-4.976, p = 0.382). IV. DISCUSSION As described in result section, the prevalence of prehypertension in adolescents in Surakarta city is 26.3% which female is more dominant than male. However male adolescents have 2.46 times higher risk of prehypertension compared with female adolescents. More than 30% of prehypertension students is obesity and has family history of hypertension. High light exposure also increases 1.64 times risk of prehypertension in adolescents.
Our results indicate that the prevalence of prehypertension in Surakarta city is higher than other cities in India [5] and South Africa [6] . Obesity and family history of hypertension in our study are the most important risk of adolescent prehypertension compared with overseas studies with only obesity as the main risk factor. However there are few studies that reported the prevalence of adolescents prehypertension. Unfortunately, national prevalence of adolescent prehypertension in Indonesia has not been established. Other studies just reported the prevalence of adolescent hypertension in Indonesia. Of 22.5% adolescents in Pangkalpinang, Bangka Belitung province have hypertension [8] while 42.5% adolescents in Surakarta has prehypertension [25] . The high prevalence of prehypertension in Surakarta adolescents is probably caused by not only low physical activity, family history of hypertension, BMI for age, but also night light exposure.
In comparison with other studies, prevalence of prehypertension in female adolescents in our study is higher than male adolescents. Two studies conducted in Jamaica [26] and Surakarta [25] indicate that males adolescents have higher prevalence of hypertension and prehypertension than female adolescents. Perhaps it is caused by the difference of student number and physical activity. Eighty percent students in our study is female adolescents and they have low physical activity (data is not shown). So, further study is required to investigate other factors that contribute in prevalence of prehypertension in female adolescents.
Elevated blood pressure is more common in males than females. According to Shankar et al., 10-17 years are the male puberty age while 8-15 years are the female puberty age. In the earlier gender, systolic blood pressure would increase 3-6 times than that of pre pubertal age [27] . On the other hand, systolic blood pressure in female pubertal age would increase 2-4 times compared with systolic blood pressure in the pre pubertal age [27] and lower than elevated blood pressure in male pubertal age. The possible cause of this different blood pressure is male sexual hormones [28] .
Other studies also reported that BMI for age (10-18 years) is positively associated with blood pressure [29] and hypertension [30] . A study involved 93 adolescents found that obese adolescents had higher ambulatory blood pressure and thicker carotid artery intimal-medial thickness (IMT) than non-obese adolescents which it is possibly indicated an early course of obesity-related hypertension [31] . Despite of BMI for age, family history of hypertension also increases prehypertension risk in adolescents. Our findings are in accordance with previous studies conducted in Pangkalpinang and Surakarta cities [8] , [25] . So the genetic factor may be involved in pathogenesis of prehypertension in adolescents.
In the present study, highly night light exposure increases 1.153 times risk of prehypertension compared with low night light exposure. Another study also documented that night light on increases by 11 mmHg systolic blood pressure in 9 healthy people [19] . Night light exposure can rise blood pressure through disruption of circadian rhythm which result in reduction of melatonin production [17] , [18] and nitric oxide (NO) secretion [20] . As a result, it will activate sympathetic nervous system and results in elevation of blood pressure.
Even though we have revealed that BMI for age, sex, family history of hypertension, and light exposure are related to elevated blood pressure, this study has some limitations. In the present study, blood pressure is only measured in one morning visit while The European Society of Hypertension recommends to measure blood pressure on three different occasions [32] . We found that there is no difference in night light exposure between normal and prehypertension adolescents. The night light exposure was only measured using lumen, based on lamp's brand and power, and room size [22] . We did not consider duration of light exposure.
V. CONCLUSIONS High prevalence of prehypertension is found in adolescents of senior high schools in Surakarta city which the important risks of prehypertension are BMI for age, sex, family history of hypertension, and night light exposure. Further studies are needed to investigate other factors which influence prehypertension in adolescents.
